Purpose
Placing clips in nodes with biopsy-confirmed metastasis before initiating neoadjuvant therapy allows for evaluation of response in breast cancer. Our goal was to determine if pathologic changes in clipped nodes reflect the status of the nodal basin and if targeted axillary dissection (TAD), which includes sentinel lymph node dissection (SLND) and selective localization and removal of clipped nodes, improves the false-negative rate (FNR) compared with SLND alone.
Methods
A prospective study of patients with biopsy-confirmed nodal metastases with a clip placed in the sampled node was performed. After neoadjuvant therapy, patients underwent axillary surgery and the pathology of the clipped node was compared with other nodes. Patients undergoing TAD had SLND and selective removal of the clipped node using iodine-125 seed localization. The FNR was determined in patients undergoing complete axillary lymphadenectomy (ALND).
Results
Of 208 patients enrolled in this study, 191 underwent ALND, with residual disease identified in 120 (63%). The clipped node revealed metastases in 115 patients, resulting in an FNR of 4.2% (95% CI, 1.4 to 9.5) for the clipped node. In patients undergoing SLND and ALND (n = 118), the FNR was 10.1% (95% CI, 4.2 to 19.8), which included seven false-negative events in 69 patients with residual disease. Adding evaluation of the clipped node reduced the FNR to 1.4% (95% CI, 0.03 to 7.3; P = .03). The clipped node was not retrieved as an SLN in 23% (31 of 134) of patients, including six with negative SLNs but metastasis in the clipped node. TAD followed by ALND was performed in 85 patients, with an FNR of 2.0% (1 of 50; 95% CI, 0.05 to 10.7).
Conclusion
Marking nodes with biopsy-confirmed metastatic disease allows for selective removal and improves pathologic evaluation for residual nodal disease after chemotherapy.
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INTRODUCTION
The presence of nodal metastases in breast cancer is an important prognostic factor that is used to guide locoregional and systemic treatment decisions. Patients presenting with nodal metastases often receive neoadjuvant chemotherapy, which can eradicate nodal disease in 40% to 75% of patients. [1] [2] [3] [4] [5] Axillary lymphadenectomy (ALND) has been the standard surgical approach in clinically node-positive patients; however, this is associated with significant morbidity, 6,7 with unclear benefit in those who achieve a nodal pathologic complete response (pCR) with systemic therapy. Several trials have recently evaluated the use of sentinel lymph-node dissection (SLND) to stage the axilla after neoadjuvant chemotherapy (NCT) in patients initially presenting with node-positive disease. 8, 9 One of these trials was the American College of Surgeons Oncology Group (ACOSOG) Z1071 trial, which enrolled patients with documented nodal metastases who completed NCT followed by SLND and ALND to determine the false-negative rate (FNR) of SLND. Although the reported FNR of 12.6% exceeded the prespecified threshold of 10%, subgroup analysis showed a lower FNR if immunohistochemistry (IHC) was performed and if a clip was placed in the node with biopsy-confirmed metastases, with removal of that node as an SLN. 4, 10, 11 Intuitively, specific evaluation of the lymph node proven to contain metastases at the time of diagnosis should improve the accuracy of nodal assessment after chemotherapy and is a logical addition to surgical staging. To test this hypothesis, we established a registry for breast cancer patients with biopsy-confirmed nodal metastases, with a clip placed in the sampled node to evaluate the pathologic changes seen in this node compared with other nodes. We subsequently developed a novel surgical technique, targeted axillary dissection (TAD), which involves removing SLNs as well as removing the clipped lymph node by localization with iodine-125 radioactive seeds. 12 The ability to selectively remove clipped nodes in addition to SLNs has significant clinical potential to improve the assessment for residual nodal disease after chemotherapy.
The goal of this study was to determine if pathologic changes seen in the clipped node after neoadjuvant therapy reflected the response in the entire nodal basin. Additionally, we hypothesized that ensuring surgical removal of clipped nodes would improve the accuracy of nodal staging in these patients compared with SLND alone.
METHODS
Patients with biopsy-confirmed nodal metastases with a clip placed in the sampled node were enrolled onto a prospective registry (between 2011 and 2015), which was approved by our institutional review board (MD Anderson Protocol PA11-1087). Patients receiving neoadjuvant therapy were eligible. Patients with distant metastases or prior axillary surgery, including SLND, were excluded. Data were collected from medical records, including operative notes, radiology reports, and pathology reports.
Nodal Ultrasound
All patients had routine imaging with mammogram and ultrasound of the breast and regional nodal basins per our institutional protocol. Fineneedle aspiration was performed of the most abnormal-appearing node, with pathologic evaluation. 13 If metastases were identified, a clip was placed in the biopsied node.
Neoadjuvant Therapy
Chemotherapy regimens were anthracycline and/or taxane based with the addition of human epidermal growth factor receptor 2 (HER2)-targeted therapy if the metastases were HER2 positive. Five patients received neoadjuvant endocrine therapy as a component of clinical trials. 14 
Surgical Management
After neoadjuvant therapy, the surgical approach was determined by one of the 19 treating surgical oncologists. The registry did not mandate a specific axillary surgery; however, ALND was our standard procedure for clinically node-positive patients after completion of neoadjuvant therapy unless enrolled in a clinical trial. Patients undergoing ALND were considered evaluable for analysis to determine FNRs.
The technique for TAD has been previously described. 12 Briefly, an iodine-125 seed was placed in the clipped node under ultrasound guidance 1 to 5 days before surgery. Mapping agents, including radioisotope (technetium-99m sulfur colloid) and/or blue dye, were injected before or at the time of surgery. During surgery, a gamma probe on the iodine-125 setting was used to identify the seed-containing node, and the technetium99m setting was used to identify SLNs. All nodes containing blue dye, radioactivity, or which were palpable were removed and labeled as SLNs. Two patients had wire localization of the clipped node at the beginning of the study before iodine-125 localization became our preferred method.
Pathologic Evaluation
Radiographs of the nodal specimens were used to identify the clipped node. In patients undergoing TAD, the specimen radiograph also ensured that the node containing the iodine-125 seed and clip was removed. The clip-containing node was identified, serially sectioned, and processed in a manner similar to nonclip-containing nodes. Formalin-fixed paraffinembedded tissue blocks were sectioned in 5-mm sections and stained with hematoxylin and eosin for evaluation by a breast pathologist. If the clipped node was an SLN, the pathologist had the option of adding pancytokeratin immunostaining. The pathology of the clipped node was given separately in the pathology report. Given that this population had completed neoadjuvant therapy, any metastatic foci, including isolated tumor cells (ITCs) and micrometastases, were considered node positive.
Statistical Analysis
The pathologic findings in the clipped node were compared with the remaining axillary nodes to determine the FNR. An FN event was defined as a case where the specified node (either the clipped node or the SLN, depending on the analysis) did not show metastasis even though residual disease was seen in other axillary nodes. The FNR was calculated as the number of FN events divided by the total number of pathologically nodepositive patients. Statistical analysis was performed using SAS software (Enterprise Guide 5.1; SAS Institute, Cary, NC). CIs for FNRs were calculated using exact (Clopper-Pearson) confidence limits for the binomial proportion. The exact McNemar's test was used to evaluate the paired assessments consisting of SLND alone and SLND with addition of evaluation of the clipped node for marginal homogeneity, using patients who had an SLN identified. Logistic regression was used to identify features associated with the inability to identify a clipped node, with P values reported from the Wald tests and 95% CI for the odds ratio. All tests were two-sided, with a significance level of .05.
RESULTS
Clinicopathologic and treatment details of the 208 enrolled patients are listed in Table 1 . ALND, which allows for determination of the FNR, was performed in 191 patients. An SLND was performed in 134 of the 208 patients, including 118 who also underwent ALND. Therefore, the FNR for SLND alone could be determined for these 118 patients. TAD was performed in 96 of the 208 patients, including 85 who also underwent ALND and therefore were evaluable to determine the FNR for the TAD procedure. There were no differences in clinicopathologic features of the patients included in the SLND and TAD subgroups compared with the overall population (Appendix Table A1 , online only). The clipped node was not identified in the surgical specimen in five patients, who were excluded from analysis. We routinely order mammographic axillary views postoperatively in these cases. No residual clipped nodes have been identified radiographically, suggesting that clip dislodgement is possible, a situation similar to that in the breast.
Pathologic Evaluation of the Clipped Node to Predict Nodal Status
A nodal pCR was achieved in 37% (71 of 191) of patients. Among the 120 patients who had residual nodal disease, 115 had metastases in the clipped node. The clipped node did not show evidence of metastases in the remaining five patients (ie, FN events), resulting in an FNR for evaluation of the clipped node alone of 4.2% (95% CI, 1.4 to 9.5; Fig 1) . 
Pathologic Evaluation of SLNs to Predict Nodal Status
To determine the FNR for SLND alone, we next performed an analysis of the 118 patients who underwent SLND followed by ALND (Fig 2) . Nodal pCR was seen in 37% (44 of 118) of patients. For those in whom an SLN was identified, the mean number of SLNs removed was 2.7. An SLN was not identified in six patients, of whom five had residual nodal disease in other nodes. In the remaining 69 patients with residual disease who had an SLN identified, there were seven FN events for an FNR of 10.1% (95% CI, 4.2 to 19.8) for SLND alone. SLND was performed using dual tracers in 65 patients (55%). The FNR was similar between patients who had single-tracer mapping (10%; 3 of 30) compared with those who had mapping with two agents (10.3%; 4 of 39). The FNR was also similar between those with $ 2 SLNs removed (10.7%; 6 of 56) compared with 7.7% (1 of 13) of patients when less than 2 SLNs were removed.
Enhanced Evaluation of the Axilla Using Both SLNs and Clipped Nodes
In six of the seven patients with FN SLNs, the clipped node contained metastatic disease. Therefore, adding evaluation of the clipped node to evaluation of the SLN(s) reduced the FNR to 1.4% (95% CI, 0.03 to 7.3) from the FNR of 10.1% for SLND alone (P = .03; Fig 2) . The clipped and/or SLNs were the only positive nodes in 49% (36 of 74) of cases.
Among the 134 patients who underwent SLND, the clipped node was not identified as an SLN in 23% (31 of 134) of patients. Given these findings, we explored possible factors contributing to the inability to identify the clipped node as an SLN. The only factor that was associated with this discordance was the presence of $ 4 abnormal nodes on initial ultrasound (odds ratio, 3.5; 95% CI, 1.5 to 8.1; Table 2 ). The presence of residual nodal disease, placement of an iodine-125 seed, removal of $ 3 SLNs, and the presence of macrometastases did not predict that the clipped node would not be identified as an SLN.
Patients Undergoing TAD
Following reports of findings from the ACOSOG Z1071 4, 11 trial, as well as changes in National Comprehensive Cancer Network guidelines, 15 we began performing TAD, which includes SLND as well as ensures removal of the clipped node after localization with an iodine-125 seed (Fig 3) . A total of 96 enrolled patients underwent the TAD procedure, and 85 of them also underwent ALND. For patients who underwent TAD, there was one FN event for an FNR of 2.0% (95% CI, 0.2 to 10.7). This shows an improvement over the FNR of SLND alone in this cohort (10.6%; 95% CI, 3.6 to 23.1), which did not reach statistical significance (P = .13; Fig 4) .
DISCUSSION
This study shows that evaluation of the clipped node, marked at the time of initial needle biopsy, is a valuable tool in assessing nodal response after systemic therapy and is associated with an FNR of 4.2%. In contrast, the FNR for SLND alone was 10.1%. We found that specifically localizing and removing the clipped node in addition to removal of SLNs (TAD procedure) resulted in an FNR of 2.0%.
Patients with clinically node-positive breast cancer often receive NCT, which can eradicate nodal disease in 40% to 75% of patients. [1] [2] [3] [4] [5] Despite high rates of nodal pCR, until recently, standard practice was to perform ALND. Although it is unlikely that performing extensive axillary surgery on patients without residual nodal disease confers oncologic benefit, identifying patients who may not require ALND has been problematic. Initial reports addressing the utility of SLND after chemotherapy reported FNRs ranging from 5% to 20%. However, these are largely retrospective, single-institution studies without standardized surgical techniques, which are therefore difficult to interpret. [16] [17] [18] [19] [20] Several recent trials, including ACOSOG Z1071, have evaluated this question in a prospective fashion. The FNR in the ACOSOG Z1071 trial was 12.6% (90% Bayesian credible interval, 9.85% to 16.05%) in cN1 patients with $ 2 nodes removed. An important lesson learned from the trial was that surgical technique affects the accuracy of SLND. The use of dual tracers and retrieval of a higher number of SLNs lowered the FNR. The importance of surgical technique to accuracy of the procedure was also reflected in the European SENTINA trial, which corroborated these findings. 8 Our data did not show a difference between the use of a single versus dual tracers, or in the number of SLNs retrieved. Ensuring removal of the clipped node may improve the accuracy of axillary staging in patients when # 2 SLNs are identified because evaluation of the clipped node alone had an FNR of 4.2%.
Data reported from the ACOSOG Z1071 trial also indicated that removal of the clipped node could lower the FNR for SLND. In that study, 170 patients had a clip placed in the lymph node containing metastases at the time of initial biopsy. Among the 107 patients for whom the clipped node was retrieved as an SLN, the FNR was 6.8% (95% CI, 1.9% to 16.5%). 11 These data are in line with our finding that specific pathologic evaluation of the node known to contain metastases before chemotherapy is useful. This is further reflected in the National Comprehensive Cancer Network guidelines, which recommend consideration of clip placement to ensure removal of the clipped node at the time of surgery.
15 One drawback to this approach is the fact that the clipped node might not be identified as an SLN with traditional mapping techniques, as was the case in 23% of our population. The Z1071 trial had similar results, with the clipped node seen in the axillary contents (not the SLN) in 20% (34 of 170) of cases, and the clip location unknown in an additional 17% (29 of 170) of cases. 11 This emphasizes the need to develop a technique to localize the clipped node as part of the TAD procedure.
A similar technique for localization of lymph nodes has been reported from the Netherlands. 21, 22 The MARI (marking the axillary lymph node with radioactive seed) procedure involves placing the iodine-125 seed at the time of diagnostic biopsy. It is left in place throughout neoadjuvant chemotherapy. In their first 100 patients, the marked node was identified successfully in 97% of cases, with an FNR of 7%. They did not use SLND, a component that we believe is important in complete nodal evaluation. In addition, leaving the radioactive seed in place throughout chemotherapy is not in line with current US regulations. Tattooing positive nodes with a sterile black carbon suspension at the time of biopsy has also been reported. 23 In the initial experience with 12 patients who had neoadjuvant therapy, the tattooed node was successfully identified in 10 patients. This approach has the advantage that no radioactive materials are used, which might be a more accessible technique for some centers. However, one disadvantage of this technique is the inability to further interrogate the axillary contents for the marked node if the tattoo is not seen at the time of surgery. It is likely that multiple different methods will www.jco.org be developed by which lymph nodes can be marked and retrieved, thereby facilitating TAD.
An important caveat regarding the FNRs reported in this study is that IHC was not performed on all SLNs or clipped nodes. In our population, IHC was done in 69% (37 of 54) of negative SLNs and 34% (26 of 76) of negative clipped nodes. The SN FNAC (SentinelNode Biopsy Following Neoadjuvant Chemotherapy) trial used IHC in the pathologic evaluation of 153 clinically node-positive patients who underwent SLND followed by ALND after neoadjuvant chemotherapy. 9 The trial's FNR was 8.4% compared with 13.3% if IHC had not been used. In the ACOSOG Z1071 trial, central processing of the hematoxylin and eosin-negative nodes with IHC was performed. When any IHC-positive node to include ITCs was considered positive, the FNR improved from 12.6% to 8.7% (95% CI, 5.6% to 11.8%). 11 Our reported FNR for SLND alone or for TAD may have been lower if IHC was routinely performed on all of these nodes. Cytokeratin staining of the clipped node in addition to SLNs should be considered for patients when omission of ALND is possible.
Although these results show that it is possible to identify patients who have eradication of nodal disease, there should continue to be multidisciplinary discussions about which patients may safely avoid ALND. At this time, there are no long-term data available on outcomes when ALND is omitted in these patients. However, one study from our institution showed that local regional recurrence rates were similar between patients with negative axillary ultrasounds who underwent SLND before or after chemotherapy even though the proportion of patients who had a positive SLN was lower in those who underwent SLND after systemic therapy. 24 On the basis of these data, our practice has been to perform SLND after NCT. This prior study included only patients with clinically nodenegative disease at presentation; however, it supports the premise that there is no benefit to removing nodes that no longer contain metastases after systemic therapy. Physicians should consider other risk factors for locoregional recurrence, such as tumor biology, patient age, and extent of disease, when deciding which patients are appropriate for this approach. In addition, radiation and medical oncologists should be included in the decision making because limiting surgery may impact other treatment modalities.
This study was established to explore the possibility that specific removal and pathologic evaluation of the clipped node would more accurately stage the axilla than SLND alone. Our analysis of all patients who underwent SLND and ALND shows that evaluation of the clipped node reduced the FNR to 1.4% compared with the FNR of 10.1% for SLND alone (P = .03). Building on this concept, we developed TAD as a surgical approach to ensure removal of the clipped node in addition to SLNs. Although the 2.0% FNR of TAD compares favorably with the FNR of SLND alone (10.6%) in this cohort, sample size limits statistical analysis (P = .13). Future studies may be designed to answer this question in a more rigorous fashion. This study was also limited to a single comprehensive cancer institution with dedicated breast radiologists who had considerable expertise in ultrasonography. We are currently expanding this registry to our affiliated institutions to determine if these results are reproducible in a community setting.
In summary, we found that we could improve the accuracy of axillary staging in clinically node-positive patients who received neoadjuvant therapy by performing TAD, a procedure that involves SLND with removal of the clipped node identified pretherapy as containing metastatic disease. The FNR for TAD was 2.0% versus 10.1% for SLND alone. Although sample size limits statistical comparison of the two approaches, these exploratory data are promising. Our data confirm results from the ACOSOG Z1071 trial 11 that support evaluation of the clipped node as a component of axillary staging after neoadjuvant therapy. Routine use of TAD may reliably identify patients in whom systemic therapy has eradicated all nodal disease, thereby sparing them the potential morbidity of ALND.
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